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Section 1

Introduction and Overview

CDM'’s Simplified Water Allocation Model (SWAM) was developed to address an identified need for a
networked generalized water allocation modeling tool that could be easily and simply applied for
planning studies by a wide range of end-users. Unlike most other water allocation software, SWAM is
designed to be intuitive in its use and streamlined in functionality and data requirements, while still
maintaining the key elements of water allocation modeling. SWAM was designed to provide efficient
planning-level analyses of water supply systems.

Like most water allocation models, SWAM calculates physically and legally available water, diversions,
storage, consumption, and return flows at user-defined nodes in a networked river system. A range of
water user types can be represented in the model, including municipal water suppliers, agricultural
irrigators, and industrial water users, with time-variable demands either prescribed by the user or, in
some cases, calculated internally. Legal availability of water is calculated based on prioritized
permitted withdrawals or diversions, downstream higher priority demands and physical availability,
and anticipated return flows. SWAM has the ability to simulate either a “prior appropriations” system
of water rights or a “riparian” water rights system, as set by the model user. Additional features in the
model include easily-parameterized municipal and industrial (M&I) conservation and reuse programs,
agricultural land transfers, groundwater pumping, and transbasin diversion projects. Multiple layers
of complexity are available as options in SWAM to allow for easy development of a range of systems,
from the very simple to the more complex. As an example, SWAM's reservoir object can include only
basic hydrology-dependent calculations (storage as a function of inflow, outflow, and evaporation) or
can include operational rules of varying complexity: prescribed monthly releases, a set of prioritized
monthly releases or storage targets, or a set of conditional release rules (dependent on hydrology).
The model user chooses the appropriate level of complexity given the modeling objectives and data
availability.

SWAM can operate on either a monthly or daily timestep, and the current version of the model is
constrained to a total of up to two hundred (200) water user nodes, of varying types. The program is
coded in Visual Basic with a Microsoft Excel-based interface.
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Section 2

Model Description

2.1 “Main” Worksheet

The SWAM user interface is largely comprised within a single worksheet (Figure 2-1) with drop and

drag graphical features for defining and parameterizing a water supply network. On-screen

representation of specific model objects, hereafter referred to as "visual objects," are created by
clicking on the appropriate button in the "Object Palette" (1.). To drop and drag the created visual
objects (2.), the user must first select the object by clicking on the edge of the object (a hidden
rectangle). Once a visual object is selected, it can be deleted using the "delete" key stroke or by right-
clicking with the mouse and selecting "cut." Visual object names can be edited by a single left-click on

the object label.
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Figure 2-1. SWAM Main Screen
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Section 2 ¢ Model Description

It is important to note that visual objects are merely placeholders and portals to the true model data
objects. In other words, the model does not recognize any links between visual objects and simulated
model objects (as defined below). Consequently, deleting the visual object from the white space
will not delete the actual model object or the data housed therein. Similarly, simply creating a
visual object, as described above, will not result in inclusion of that object in the model simulation.
However, creating a network of visual objects that accurately represents the simulated model objects
is usually of great benefit to the user and is strongly advised.

Model objects are created and deleted using the input forms (3.) accessed by clicking on the visual
objects. Input forms, specific to the appropriate category of objects, must be populated and saved to
create objects that are incorporated into the model simulation. Previously-created model object data
are accessed using drop down menus on each of the object forms. The "Save" button must be used
each time an update is made to a model object. Simply closing the input form will not save the
updates! Specific objects and the calculations associated with these objects are described in detail
below.

Also on the Main screen is the simulation tool bar (4). Here, the simulation period (start and end
dates) and simulation type (monthly planning, daily planning, or firm yield calculations; and simulated
water rights administration program) are specified. Details on each simulation type are described
below. The simulation period can be any continuous period up to a maximum of 100 years.
Additionally, inputting and outputting specifications and summaries are accessed via a separate tool
bar (5), also at the top of the Main page. Here, preferred input and output units of measurement are
specified, the desired level of output detail can be set, and a number of input summary tables can be
accessed for review, as described below. Lastly, the simulation “Run” button is clicked to start a
simulation. The keystroke “control-R” can also be used to start a simulation.

2.1.1 Simulation Type

SWAM simulations can be performed with either a monthly or daily calculation timestep, as selected
by the user. While SWAM was originally designed for a monthly timestep, and a monthly timestep is
likely sufficient for most planning applications, the daily option does provide the user with the ability
to simulate more detailed hydrology. Separate sets of input are required for the two timestep options.
The model does not automatically aggregate or disaggregate inputs when toggling between the two
options. More specifically, daily flow data for each tributary object are required for a daily timestep
simulation, prescribed as a separate set of inputs to the monthly datasets (see Section 2.2.1).
Additionally, if reservoir evaporation rates are defined with a continuous timeseries (Section 2.2.3),
then both monthly and daily rates must be specified to be able to run both timestep options. Moving
average calculation periods associated with advanced reservoir operations rules (Section 2.2.3) and
advanced water user conservation rules (Section 2.2.4) must also be specified as two separate sets of
inputs for the two timestep options. Lastly, return flow lag times associated with any type of water
user object (Sections 2.2.4 and 2.2.5) must be specified with separate inputs for monthly vs. daily
timestepping. All other inputs, including water usage values, are the same for either timestep option
and do not require separate sets of inputs. Note that, once entered and saved by the user, all input
values are retained when toggling between the two timestep options.

In addition to daily and monthly planning simulations, the model can also be used to perform
automated firm yield calculations for specific reservoirs or reservoir storage accounts. This simulation
option is described in Section 2.4.

CDM
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Section 2 « Model Description

Lastly, two types of water rights administration program options are available in SWAM: prior
appropriations and riparian. For the former, the “first in time, first in line” principle holds when
determining legally available flow at each model node; with the order of water right priority
determined according to user specified appropriation dates. The earlier the appropriation date, the
higher the priority of the water right. This type of water rights system can result in legally available
flow being less than physically available flow at a given node due to “calls” on water from downstream
senior water users. The calculation of legally available flow is described further in Section 2.2 and
Section 3. For riparian water rights, the rights are prioritized in order of upstream to downstream
diversion location. In other words, each water user is allowed to withdraw or divert as much water as
is physically available in the river at the point of withdrawal/diversion, up to their permit limit.
Downstream water rights or demands are not considered in the calculation of legally available flow
under the riparian system.

2.1.2 Simulation Units

Three options for units of measure are available in SWAM: 1) acre-feet (AF) and acre-feet per
month/day (AFM or AFD); 2) million gallons (MG), million gallons per month/day (MGM or MGD) and
cubic feet per second (CFS); and 3) cubic meters (m3), cubic meters per day (m3/d) and cubic meters
per second (m3/s). The first set of units are widely used in the western U.S., while the second set are
more common in the east. The third set (metric) are more typical internationally. The units preference
refers to inputting and outputting only. All internal model calculations remain unchanged and use the
first set of units. Users will be prompted for inputs in the selected set of units, via the various input
forms, and output will be generated in the same set of units. It is important to note that the model
does not automatically convert input values when toggling between the units options! It is left
to the user to properly convert and change all input values manually if the units preference is changed.
For this reason, the units preference should ideally be set at the beginning of a SWAM modeling study
and maintained throughout the study.

2.1.3 Output Specifications

For each simulation run, output can be generated for all nodes in the system, for a single selected
node, or for flow gage objects only (see Section 2.3). Reducing the amount of written output data can
greatly reduce model run times. This may be a desirable option for some simulations where only
specific nodes or water users are of interest or where the user is primarily interested in calculated
stream and river flows (captured by flow gage objects).

Additionally, SWAM output can be generated in separate text files (in user specified file locations)
rather than directly in the model Excel workbook. This option is also provided to reduce model run
times.

2.1.4 Input Summary Tables

Input summary tables are generated by clicking on the buttons labeled “Node Priorities”, “Node
Locations”, or “Reservoir Accounts”. Summary tables provide a useful snapshot, across all model
nodes, of these key inputs and can also serve as a more convenient option for reviewing and/or
changing these inputs (rather than via the specific object forms, described below). Note that changes
made to these summary tables are saved to the model database, and made permanent, when the
“Update” buttons are clicked on the respective forms. These same input changes will then be seen
when the user accesses the inputs via the individual water user input forms.

Smith 2-3




Section 2 ¢ Model Description

2.2 Model Objects

A typical SWAM model consists of a user-constructed network of streams, water use nodes, and
reservoirs. Each element in a constructed network is referred to as a model “object”. Each object has
its own set of equations and calculations in the underlying SWAM Visual Basic program (often
referred to as “object-oriented” code) and its own set of user inputs (described below). In SWAM,
relationships between objects are specified through the individual objects themselves, as described
below. Spatial locations of objects, and the available flows associated with the objects, are set in
SWAM based on user-specified relative mile markers for each object. SWAM calculates stream flows at
each node based on this positioning. Details of individual model objects are provided below.

2.2.1 Tributaries

In SWAM, mainstem gain/loss factors and tributary sub-basin flow factors
capture ungaged flow gains and losses associated with increasing drainage
area with distance downstream and/or interaction with subsurface flow
(leakage, seepage). These reach-specific factors are the primary parameters
adjusted during model calibration, as further explained in Section 7. The
gain/loss and sub-basin flow factors are applied to the input headwater
flows and represent a steady and uniform gain/loss percentage relevant to the designated reach.
Actual flow volume changes are calculated for a specific location based on these reach-specific factors
and in proportion to stream length and the object headwater flow for the given timestep.

Tributary

There are subtle differences in the way in which these gains and losses are characterized in the model
inputs for non-mainstem tributary objects versus the mainstem tributary object, although they
effectively achieve the same thing in the model calculations. For the mainstem, gain/loss factors are
specified on a per unit mile basis. For example, if the mainstem headwater flow is 10 cfs in a given
timestep with a gain factor of 0.1 per mile specified for the entire mainstem reach, then the model
applies a rate of gain of 1 cfs/mile throughout the length of the mainstem. At the end of a 5 mile reach
with no other inflows or outflow, the flow would be 15 cfs. For all other tributary objects, sub-basin
flow factors are specified as a total subbasin flow gain factor, used to calculate total natural
(unimpaired) flow at the end of the designated reach. For example, if a tributary flow is 10 cfs in a
given timestep, with a sub-basin flow factor of 5, then the end-of-reach flow (with no other inflows or
outflows) is 50 cfs. The model linearly interpolates when calculating the unimpaired flow at
intermediary points in the reach. The differences between mainstem vs. non-mainstem factors reflect
physical differences between the two types of tributary objects as represented in SWAM. For non-
mainstem tributaries, flow gains are usually dominated by easily-quantifiable increases in drainage
area with distance downstream and therefore easily parameterized with drainage area-based sub-
basin flow factors. For the mainstem, however, the bulk of the drainage area changes are already
captured by the tributary objects and any additional changes in flow are more likely to be attributable
to subsurface hydrologic interactions or localized surface runoff. Such flow changes are more easily
represented with per mile gain/loss factors. Both mainstem and tributary flow factors can be spatially
variable in the model for up to five (5) different sub-reaches. Mainstem gain loss/factors, subbasin
flow factors, and all other tributary input parameters are further described in Table 2-1.

CDM
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Table 2-1. Tributary Input Parameters

Parameter
Name

Section 2 * Model Description

Description

Tributary name

NA

A unique name must be assigned to each object; “Mainstem”
name cannot be modified

Headwater flows

AFM, CFS, m3/s

Monthly or daily timeseries of inflows to the top of the stream

Confluence NA Name of confluence receiving stream immediately

stream downstream of tributary (specified via a drop-down list of
previously-created tributaries)

Confluence miles Relative mile marker, on the receiving stream, of tributary

location confluence

Mainstem fractional Spatially variable (up to 5 sub-reaches) mainstem gain or loss

gain/loss factors

gain/loss per unit
stream length

coefficient; applied to headwater flows to increase or
decrease flows with distance downstream

Tributary

unitless

Spatially variable (up to 5 sub-reaches) tributary (non-

subbasin flow mainstem) flow amplification factor; applied to headwater

factors flows to increase flows with distance downstream and
increasing drainage area
2.2.2 Discharges
Discharge Discharge objects are intended to represent any type of point discharge to the

modeled river basin and might include wastewater treatment facility discharges

or industrial discharges. Note that the user should be careful not to duplicate

discharges already captured, more explicitly, by calculated water user return

flows. There may be situations, however, where discharges are not explicitly

included in a water user node in the basin model, such as the case of water
sourced outside of the modeled basin but discharged as return flow inside the basin. Discharge objects
behave exactly as tributary objects (above) in the model except that they aren’t subject to any gains or
losses, and thus don’t require these specific inputs. Otherwise, the input requirements and internal
calculations are exactly the same as those described above for tributary objects (prescribed monthly
and/or daily flows).

2.2.3 Reservoirs

Reservoir

Reservoir objects provide for the physical storage of water. The total storage
of a reservoir is generally comprised of multiple storage “accounts”
associated with various water users (described below and less applicable for
riparian water rights). However, the reservoir object is used to define only
the physical characteristics of the total reservoir (Table 2-2), including
spatial location, storage capacity, surface area, dead pool storage, and evaporative (and/or seepage)
losses. Monthly reservoir operating release requirements can also be specified in this object.




Section 2 ¢ Model Description

Table 2-2. Reservoir Input Parameters

Parameter Name Units Description

Reservoir name NA A uniqgue name must be assigned to each object;

Reservoir type NA Offline or online

Storage capacity AF, MG, m? Total physical storage capacity of reservoir

Dead pool storage AF, MG, m? Total dead pool (inactive) storage capacity of reservoir; when
volumes drop below this level, neither withdrawals nor
regulated releases are possible in the model

Initial storage AF, MG, m? Start of simulation initial volume of water in reservoir

Evaporation input NA Monthly rates of inches per day (option 1) or percent of total

type volume (option 2), or user-specified timeseries of rates (option
3)

Evaporation rates, in. day?! Seasonal rates of evaporation (multiplied by calculated surface

option 1 area, via area-capacity table, to get volumetric losses)

Evaporation rates, % Seasonal rates of evaporation (multiplied by calculated volume

option 2 to get volumetric losses)

Evaporation rates, in. day1, in. User-defined continuous timeseries of evaporation rates

option 3 mo!

Area-Capacity AF / Ac, MG / | Surface area vs. storage volume based on bathymetry of

table, option 1 Ac, m®*/ m? reservoir

Reservoir release NA Name of receiving stream for mandatory reservoir releases

receiving stream

Release location mi Relative mile marker (on receiving stream) of reservoir releases

Monthly minimum AFM, CFS, Required (regulated) minimum releases for reservoir (if

releases m3/s applicable)

Outflow-Capacity AFM, CFS, For online reservoirs only, defines outflows from flood control

table m3/s /% pool as a function of reservoir storage (percent capacity)

capacity

2-6
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Section 2 « Model Description

Evaporative losses can be specified using monthly average seasonal rates (inches per day or percent
volume) or with a user-specified timeseries of daily or monthly rates (inches per day or inches per
month depending on model timestep). Calculated evaporative losses are distributed to individual
accounts based on relative volumes of storage in each account at the given timestep. In other words,
accounts with larger stored water will realize a greater evaporative loss than accounts with less
stored water. Note that evaporation rates should be input as net evaporation (gross open water
evaporation minus direct precipitation), with a minimum rate of 0. Negative net evaporation rates
(precipitation > evaporation) are not allowed in the current version of SWAM. For such cases, it is
recommended that gross evaporation rates be specified for the reservoir object and direct
precipitation included as a local inflow to the reservoir using a tributary object.

There are two options for defining reservoir operations in SWAM: simple and advanced. Simple
reservoir rules consist of up to twelve prescribed mandatory monthly minimum releases. These
releases are prioritized ahead of all water user withdrawals. Advanced reservoir release rules allow
for more complex and sophisticated rule-based reservoir operations and are described in detail at the
end of this section. Reservoir releases are distributed across individual accounts based on storage
permit priority (lowest to highest priority). SWAM attempts to assign all of a regulated release to the
lowest priority account. If this account is unable to meet the total release volume required (due to lack
of physical availability), the model moves on to the next lowest priority account, and so on.

Reservoirs can be defined in SWAM as either “offline” or “online”. There are effectively only subtle
calculation differences between the two in the model. For online reservoirs, a “flood control pool” is
automatically created and handled as a water user, with unlimited physical and legal diversion
capacity, in internal model calculations. This ensures that all upstream water is available for routing
through the online reservoir at each timestep. The size of the flood control pool is calculated internally
as the difference between total reservoir capacity and the sum of individual water user accounts.
When creating an online reservoir object in SWAM, the user must define how flows are released from
the flood control pool via an outflow-capacity table, if applicable. This type of table would typically
express a direct relationship between the magnitude of monthly outflow and the reservoir volume
(greater storage equates to greater outflow). In this way, by providing temporary storage and gradual
release, an online reservoir smooths out downstream hydrographs during periods of high flow.

Note that offline reservoir inflows can only be created via the “diversions” of various account-holder
objects (water users, agricultural users, and recreational pools) (described below). Without user
accounts with specified stream diversions, offline reservoirs will not fill with water. Stream diversions
for filling offline reservoirs can be located anywhere in the modeled basin. Conversely, for online
reservoirs, associated storage account “diversions” are not applicable and not required as model
inputs.

Advanced Reservoir Operating Rules

Advanced reservoir operating rules can be defined by the user, for each reservoir object, to include up
to five (5) unique sets of rules governing operations. Up to twelve distinct rules, generally
corresponding to different user-prescribed date ranges, can be defined within each of the five
operating rule sets. Each of these five rule sets, implemented in the model in order of priority, can be
defined for one of three types of “targets”: minimum releases, storage values, or downstream instream
flows (Figure 2-2). Each is described briefly below.

Minimum releases establish a minimum required release for each timestep. The model prioritizes
these minimum releases above all other reservoir operations or uses.

Smith 2-7
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Figure 2-2. Reservoir Advanced Operations Input Form

Prescribed storage targets establish end-of-month (or end-of-day) total reservoir storage volume
targets that the model attempts to meet by adjusting release volumes in the given timestep. Unless a
“ramping” period is specified (described below), the reservoir releases or stores all available water, to
the extent possible, required to meet the target at the end of the given timestep. Releases of water to
meet storage targets can be constrained by a prescribed maximum release rate, if appropriate (e.g.
outlet hydraulic constraints). Note that the assessment of storage targets, or any other type of target,
is performed in the model at the start of every timestep, based on start-of-timestep storage and
estimated (forecast) inflows, evaporation, and withdrawals for that timestep. If the forecast storage is
greater than the specified target, then water is released during the timestep. Conversely, if the forecast
storage is less than the target, that release for that timestep is set to zero. This approach is analogous
to a reservoir operator making operational decisions at the start of a month, or day, based on known
starting conditions and anticipated future conditions.

Instream flow targets correspond to a targeted streamflow at any point downstream of the given
reservoir. For instream flow targets, the model calculates the reservoir release required to achieve the
given downstream target, in consideration of all estimated (forecast) intercepting flow inputs and
withdrawals.

All three of the target types described above can either be unconditional (Condition Type = “None”) or
can be conditioned on hydrologic parameter values associated with other objects in the system.
Conditional rules can be specified based on storage values (AF, MG, or m3) in either individual water
user accounts or entire reservoirs, or based on flow gage flow rates (AFM, CFS, or m3/s), or a
combination of the two. For conditional releases, the user defines the targeted release rate and the
conditions that must be satisfied for the release to occur. Conditions are defined as greater than, less
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than, or equal to a prescribed “trigger” value associated with the conditional object (Figure 2-2). Each
rule can be conditioned on either one or two basin parameters. These two parameter conditions can
be defined as either a union of conditions (“OR”) or an intersection of conditions (“AND").

Note that, as with targets (described above), condition values for a given timestep and reservoir
ruleset may or may not be known definitively at the time of calculation. For example, since the
reservoir operational calculations are performed at the start of the model timestep, prior to water
user node calculations, current timestep impairments throughout the basin are not known. However,
SWAM employs a sophisticated forecasting algorithm, including impairment forecasting, to estimate
flow and/or storage values associated with the given timestep and conditional object (flow gage or
reservoir) anywhere in the basin. Like any forecasting algorithm, these calculations are subject to
error, under certain conditions, that may result in the implementation of non-ideal release or storage
target for that timestep. However, this type of numerical error is deemed to be no greater than that
associated with real operator decision-making, which also undoubtedly relies, to a certain extent, on
forecasting. Note that the forecasting algorithm is generally more reliable for a daily simulation
compared to monthly timestep simulations. For the former, decisions are made in the model at the
start of each modeled day, based on a combination of known hydrologic information and a forecast of
daily reservoir operations. For the latter, decisions are made at the start of each modeled month,
based on forecasts for that month.

Condition values (storage or flow) can either be defined as corresponding to the current timestep (e.g.
current stream flow) or can be based on a calculated moving average of flow or storage values,
averaged over any user-defined number of timesteps. For example, a flow condition might be based on
a six month moving average flow value at a specified flow gage. A prescribed condition value is
designated as a moving average by clicking on the “Moving Average” button (Figure 2-2) and then
selecting the checkboxes, on the secondary form, associated with the corresponding conditions
(Figure 2-3). The averaging period associated with the condition is also specified here. The averaging
period is expressed as the number of timesteps (days or months) used to calculate the moving average.
Consequently, different inputs are required for daily vs. monthly timestep simulations (see Section
2.1.1). Note that these inputs are retained when toggling back and forth between timestep options.

Moving Averages - - - ‘il
Condition 1 Condition 2

Rule 1 [~ Moving Avg. Averaging Period 1: ’7 [~ Moving Avg. Averaging Period 2: ’7
Rule 2 [ Moving Avg. Averaging Period 1: ]7 [~ Moving Avg. Averaging Period 2: ]7
Rule 3 [ Moving Avg. Averaging Period 1: ]7 [~ Moving Avg. Averaging Period 2: ]7
Rule 4 [ Moving Avg. Averaging Period 1: ]7 I~ Moving Avg. Averaging Period 2: ]7 |
Rule 5 [ Moving Avg. Averaging Period 1: ’7 I~ Moving Avg. Averaging Period 2: ’7
Rule 6 [ Moving Avg. Averaging Period 1: ’7 [~ Moving Avg. Averaging Period 2: ’7
Rule 7 [ Moving Avg. Averaging Period 1: ’7 [~ Moving Avg. Averaging Period 2: ’7
Rule 8 [ Moving Avg. Averaging Period 1: ’7 [~ Moving Avg. Averaging Period 2: ’7
Rule 9 [ Moving Avg. Averaging Period 1: ’7 I~ Moving Avg. Averaging Period 2: ’7
Rule 10 [ Moving Avg. Averaging Period 1: ]7 [~ Moving Avg. Averaging Period 2: ]7
Rule 11 [ Moving Avg. Averaging Period 1: ’7 [~ Moving Avg. Averaging Period 2: ’7
Rule 12 [ Moving Avg. Averaging Period 1: ’7 [~ Moving Avg. Averaging Period 2: ’7
Priority 1 Rule Set

Figure 2-3. Moving Averages (Reservoir Operations) Input Form
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Section 2 ¢ Model Description

Just as rules can be conditioned on values realized over multiple timesteps, they can also be
conditioned on values that are spatially distributed. Conditions can be defined in the model based on
multiple model objects (“Composite Metrics”), located anywhere in the model domain, rather than a
single object. These composite metrics are defined by the user via a separate input form (Figure 2-4).
A list box is available for each condition whereby any number of model objects can be selected for
inclusion in the composite rule. As above, the “Composite Metric” checkbox associated with the given
conditional rule must be checked for the model to recognize a prescribed metric as a composite. Note
that for flow gages, the composite metric corresponds to the average flow value of the gages included
in the composite. For reservoirs, the composite metric corresponds to the total combined storage of
the specified reservoirs.

Compasite Metrics ‘? :' 5 "‘ . — - 8 (s
Condition 1 Condition 2 -
Rule1 | Composite Metric :m: g[};"::;jﬁj?‘;ﬂ I Composite Metric
. Rule 2 [ Composite Metric :::tz ﬁ[ﬁ?g;vmd g ™ Composite Metric ::2::2 aze:g:{vood j
! Rule 3 [ Composite Metric t:t; ﬁ[ﬁ?g;mm g ™ Composite Metric Etg azﬁg:{"md g
Rule 4 [ Composite Metric t:t: ﬁﬁ?g:vmd g I Composite Metric th2 S(j,?;:?md g i
Rule 5 [ Composite Metric I[gt: f&?g:\'md ; I Composite Metric t:tg E’Ler?g:[uood ;

q . Lake Greenwood 2 q 4 Lake Greenwood -
Rule 6 [ Composite Metric | ~.° Murray :lv I" Composite Metric | = - Murray :lv

" . Lake Greenwood B A q Lake Greenwood 2
Rule 7 [ Composite Metric | 7. Murray :|, I" Composite Mefric | 2.0 Murray :lv

L1l
£l

= =l
Rule 8 [ Composite Metric t:t: ﬁrﬁxmc‘ g I” Composite Metric tgtg E,ILEI,?Q:{VOOG g
Rule 9 [ Composite Metric I[gt: fﬂrﬁg;v ood : I Composite Metric I[gtz E,lrﬁ;;"md :
Rule 10 [ Composite Metric I[:E: fﬂrﬁgymd = I Compasite Metric I[:tz Sﬁ?g{:‘md =

q q Lake Greenwood o : : Lake Greenwood o
Rule 11 [ Composite Metric | 7= Murray :|' [ Composite Metric | 2 Murray :|'

q . Lake Greenwood o q 4 Lake Greenwood o
Rule 12 [ Composite Metric Lake Murray :|' I Composite Metric | =0 Murray :|,

Priority 1 Rule Set -

Note: reservoir composite metrics are fotal reservoir storage; flow
gage composite metrics are average flow values.

Figure 2-4. Composite Metrics (Reservoir Operations) Input Form

Prescribed storage targets, or condition triggers, can either be specified as static values for the given
date range (default) or they can be specified as the endpoints for a period of “ramping” where the
target, or trigger, values are dynamically changing within the designated time period. For such
periods, the model linearly interpolates between the prescribed beginning and end point values to set
the target value for an intermediate timestep. For example, reservoir operators may decrease
operating storage targets from a wet season (high) target down to a dry season (low) target over the
course of two months. This two-month period can be identified as a ramping period in the model and
the model will linearly interpolate to set the storage target for all timesteps within the given period.
The user only needs to specify the end-of-period target value. The beginning-of-period target must
also be specified as the end-of-period value for the preceding and contiguous prescribed rule period.
Figure 2-5 shows an example set up for Lake Murray (South Carolina) storage targets. In this
example, storage targets increase over the two-month period of January and February (from 561,920
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Section 2 « Model Description

MG to 621,630 MG). In other words, this is a ramping period. For the months of March through August,
storage targets are static (at 621,630 MG). Targets then ramp back down over the months of
September through December. Note that multiple rules with the same, or overlapping, date ranges
(but different conditions) should not be defined within the same rule set if that rule set includes
ramping periods! This confuses the internal date interpolation calculation!

Figure 2-5. Ramping Periods for Storage Targets (Lake Murray, S.C. Example)

Moving targets refer to minimum release rules defined by a release target based on a calculated flow
value for a selected flow gage anywhere in the modeled basin. For example, a minimum release might
be defined as equal to, or a fraction of, inflow to the reservoir. For such a case, as inflow increases or
decreases, so too does the release requirement. To designate storage or release targets as moving
targets, the “Moving Target?” checkbox and the appropriate reference gage needs to be selected. Once
selected, all specified release target values defined for that rule set are transformed to multipliers,
applied to the reference gage flow value at each timestep. For example, if a release is simply directly
equal to the flow at the reference gage, then the prescribed “Target” value should be 1.0 (i.e. a
multiplier of 1.0). Similarly, if the release requirement equals 50% of the flow at the designated
reference gage then the “Target” input should be 0.5. Multiple target multipliers, for different date
ranges, are allowed within a given rule set. However, only a single reference gage can be selected for a
given moving target rule set, and moving and static targets can’t be mixed within the same rule set. An
example moving target input set is shown in Figure 2-6. In this example, the minimum release
requirement for Lake Greenwood (S.C.), for the Oct - Jun time period, is set equal to the inflow to the
reservoir (via a flow gage called “Greenwood Inflow”), subject to the condition that the inflow is less
than 225 cfs. For this example, if the inflow to the reservoir during a given timestep is 100 cfs, then the
minimum release requirement for that timestep is 100 cfs. If the inflow drops to 50 cfs in the next
timestep then the release requirement also drops to 50 cfs for that timestep. If the inflow exceeds 225
cfs, then this rule does not apply.
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